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Objectives. The purpose of this study was to utilize vector
mapping to investigate atrial and accessory pathway activation
direction during orthodromic supraventricular tachycardia .
Baeftround. Although advances have been made In the elec-
t rophysiologic evaluation and management of accessory pathways,
our uaderstanding of accessory pathway anatomy and physiology
nmains Incomplete . Vector mapping has been validated as a
method of studying local myocardial activation .
414ods. In 28 patients with a left-sided or posteroseptal
Keessory atrioventricular (AV) pathway referred for ablation,
ah*d awl scumermAory AV pathway activation direction was deter-
during ventricular pacing or orthodromic supraventricular
Wqcardia, or both, by summing three orthogonally oriented
bipolar electrograms recorded from the coronary sinus to create
threadhrmnsional vector loops . Atrial and accessory AV pathway
activation direction was determined in all patients from the
madmal amplitude vectors of the vector loops . Because of beat to
beat variability in the directions of the vector loops, data Irm 8 of
28 patients could not be analyzed .
Major advances have been made in recent years in the
electrophysiologic diagnosis and treatment of patients with
either Wolf-Parkinson-White syndrome or paroxysmal
supraventricular tachycardia involving a concealed acces-
sory atrioventricular (AV) pathway (1-8). Many of these
advances have been based on the recording of accessory
pathway potentials either from an endocardial approach or
from within the coronary sinus (9-13) . However, accessory
AV pathway potentials cannot be rapidly recorded in all
patients ; and in occasional patients . the presence of multiple
accessory pathways or other factors may complicate the
localization of accessory AV pathways using activation time
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Results . At 81 of 83 sites, atrial activation direction along the
long axis of the coronary sinus corresponded with the direction
suggested by activation time mapping . Activation direction along
the anteroposterior and inferosuperior axes was variable, poten-
tially due to variations in the level of the atria] insertion of the
accessory AV pathway and in the depth or angling of pathway
fibers in the AV fat pad . In eight patients, at least one recording
was obtained at the site of an accessory AV pathway potential .
Accessory AV pathway activation proceeded superiorly and to the
right in seven of eight patients ; in one patient with a posteroseptal
pathway, accessory AV pathway activation proceeded superiorly
and to the left .
Conclusions. 1, Vector mapping is a useful technique for
localizing accessory AV pathways ; 2) left-sided accessory AV
pathways angle from left to right as they traverse the AV groove ;
and 3) variable activation directions of the atrial myocardium
adjacent to the coronary sinus suggest that accessory AV pathway
insertion into the atrium differs from patient to patient .
(J Am Coil Cordial 1994,23 :684-92)
mapping (1-5,12-14) . In addition, limited information is
available concerning the anatomy and orientation of acces-
sory AV pathways, especially regarding the insertion of
pathway fibers with respect to the mitral and tricuspid annuli
and epicardial surface .
The technique of vector mapping has been validated as a
means of evaluating myocardial activation . Kadish et al .
(15,16) have shown that the direction of epicardial activation
as determined by the direction of maximal x, y deflection of
a vector loop corresponds very closely with the direction of
activation as determined by standard isochronal mapping
techniques during both sinus rhythm and ventricular pacing .
Therefore, vector mapping allows for accurate determina-
tion of the direction of activation . In the present study, we
used vector mapping to study retrograde atrial and accessory
AV pathway activation in the region of the coronary sinus in
patients with left-sided or posteroseptal accessory AV path-
ways. The validity of the vector method in this setting was
established by comparing the results obtained by vector
mapping with those obtained by standard activation time
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mapping techniques . Our results suggest that this technique
may be an alternative method for localizing accessory AV
pathways. In addition, this technique may offer a method for
further studying accessory AV pathway anatomy
Methods
Study design. In this study, three-dimensional orthogonal
recordings from the coronary sinus were utilised to deter-
mine atrial and accessory AV pathway activation directions .
Atrial activation directions with respect to the long axis of
the coronary sinus were used to help localize accessory AV
pathways. We liypotht;sizcd that during ventricular pa.;mg
or AV reciprocating twhyt;,irdia at sites lateral to the a,_e, s .
say AV pathway, atrial activation would proceed in a right
to left direction At sites medial to the accessory AV path-
way, activation would proceed in a left to right direction . At
a recording site located at the atrial insertion of an accessory
AV pathway, we expected neither rightward nor leftward
activation. Information regarding retrograde atrial activation
along the anteroposterior and inferosuperior axes was uti-
lized to gain insight into the anatomic level of the atrial
insertion of accessory AV pathway fibers . The activation
direction of conduction within the accessory AV pathway
itself was used to confirm previous work (13) regarding the
orientation of these fibers .
Study patients. Twenty-eight patients with supraventric-
ular tachycardia involving an accessory AV pathway who
were referred for catheter ablation using radiofrequency
current were evaluated in this study . No patient had under-
lying structural heart disease . The mean age was 35 -±
5 years. There were 18 men and 10 women . All patients had
a single left-sided (n = 20) or posteroseptal (n = 8) accessory
AV pathway . A single pathway was defined as one that
spanned a width of <2 cm along the annulus (14) . In 17
patients, there was evidence of both anterograde and retro-
grade conduction over the accessory AV pathway ; in the
remaining 11 patients, only retrograde conduction was
present. All patients had inducible AV reciprocating tachy-
cardia during the baseline electrophysiologic study . All
underwent successful radiofrequency ablation with no evi-
dence of an accessory AV pathway at the termination of the
procedure . The study was approved by the Institutional
Review Board of Northwestern University .
Electrophysiologic study . Before catheter ablation, all pa-
tients underwent a baseline electrophysiologic study in the
fasting state. Informed consent was obtained under an
investigational protocol approved by the Human Subjects
Research Committee of Northwestern University . All anti-
arrhythmic medications were discontinued 2!5 elimination
half-lives before the baseline electrophysiologic study was
performed . Three 6F quadripolar electrode catheters with
5-mm interelectrode spacing were inserted through sheaths
in the femoral vein and positioned in the high right atrium,
His bundle position and right ventricular apex . A custom-
made 6F orthogonal electrode catheter (Mansfield-Webster
Hadiopaque Marker
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Figure t. Diagram of the coronary sinus catheter . The catheter is
displayed in both long-axis and short-axis projections . The elec-
trodes labeled 5 and 6 correspond to the long axis of the catheter
(x axis), the electrodes labeled I and 3 correspond to the inferosu-
perior axis (z axis), and the electrodes labeled 2 and 4 correspond to
the anteroposterior axis (y axis) . The proper orientation of the
catheter (so that electrodes I and 3 record activation along the
interosuperior axis) is ensured by use of the radioopaque marker,
which is located adjacent to electrode 3) . Activation from right to
left along the coronary sinus is indicated by a positive deflection obi
the x axis ; activation from anterior to posterior is indicated by a
positive deflection on the y axis ; and activation from inferior to
superior is indicated by a positive deflection on the z axis .
Catheters) was positioned in the coronary sinus through a
sheath introduced into either the right internal jugular or left
subclavian vein. This catheter is further described later .
Electrocardiographic (ECG) leads 1, 11, 111, aVF, V, and
V6
and the intracardiac electrograms were displayed on an
oscilloscope and recorded on a MT-9500-U strip chart re-
corder (Asiromed Inc .) at a paper speed of 100 to 200 mm/s .
The orthogonal catheters used in this study to record
potentials in the coronary sinus were custom-made to allow
for the creation of three-dimensional vector loops (Webster
Scientific). Two different orthogonal catheter, were used . In
the first eight patients, the catheter used had one set of
recording electrodes (each set containing three pairs of
electrodes) . In the remaining 20 patients, the catheter used
had two sets of six recording electrodes each separated by a
distance of 10 mm . AE shown in Figure 1, each catheter has
three pairs of recording electrodes oriented perpendicular to
each other. These electrodes allow the recording of three
orthogonally oriented bipolar electrograms . The catheter
was designed so that the interelectrode distance for each
electrode pair is 2 mm and the surface area of each recording
electrode is the same
. Electrodes 5 and 6 are oriented along
the long axis of the catheter and represent activation along
the long axis of the coronary sinus (defined as the x axis) . A
special opaque marker is present on the catheter, which
allows fluoroscopic determination of the orientation of the
remaining two pairs of recording electrodes (1/3 and 2/4) with
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respect to the coronary sinus . That is, it allows determina-
tion of which of these electrode pairs represented the antero-
posterior axis (defined as the y axis) and which represents
the inferosuperior axis (defined as the z axis) .
All patients underwent incremental atrial and ventricular
pacing and programmed atria[ and ventricular stimulation
with stimuli of 2 ms duration at twice diastolic threshold
using a programmable stimulator (Bloom Associates) . The
objective of the diagnostic portion of the study was to
localize the accessory AV pathway so that ablation could be
performed . Patients who did not have evidence of conduc-
tion over the accessory AV pathway or easily inducible
supraventricular tachycardia during the baseline state re-
ceived an infusion of isoproterenol of I to 2 ,zg/min to
facilitate conduction over the accessory AV pathway
(17-19). During the diagnostic portion of the electrophysio-
logic study, potentials recorded from the orthogonal coro-
nary sinus catheter were stored on videotape for later
analysis . Coronary sinus clectrograms were filtered with a
high pass filter of 0 .05 Hz and a low pass filter of 400 Hz .
Recordings were made during ventricular pacing at a cycle
length during which there was retrograde bypass tract acti-
vation or AV reciprocating tachycardia, or both, in all
patients .
The reference standard for pathway localization and
comparison with vector mapping data was successful abla-
tion . After the baseline electrophysiologic study, catheter
ablation with radiofrequency current was performed . For
left-sided accessory AV pathways, the catheter was passed
retrograde across the aortic valve through a sheath in the
femoral artery and positioned on the ventricular aspect of
the mitral annulus; for posteroseptal accessory AV path-
ways, the catheter was passed through a sheath in the
femoral vein and positioned near the ostium of the coronary
sinus . Criteria used for accessory AV pathway localization
included 1) the site with the earliest ventricular activation
relative to the onset of the delta wave during sinus rhythm or
atrial pacing, 2) the site with the earliest atria) activation
during AV reciprocating tachycardia or ventricular pacing,
and 3) the presence of a discrete potential preceding the local
ventricular electrogram during sinus rhythm or atrial pacing
that was suggestive of an accessory AV pathway potential .
Radiofrequency current was delivered through a 7F quadri-
polar catheter with a 4-mm electrode tip, an interelectrode
spacing of 0.5 cm and a deflectable curve (Webster Scientif-
ic). Ablation was performed using radiofrequency current
(continuous wave at a frequency of 350 kHz) generated by a
radiofrequency lesion generator system (model RFG-3C,
Radionics Inc.). The radiofrequency current was delivered
at 40 to 70 V between the ablation catheter and a standard
electrosurgical dispersive pad placed on the patient's back .
After successful catheter ablation (based on the loss of
anterograde and retrograde conduction over the bypass
tract), patients were observed for a period of 30 to 60 min in
the electrophysiology laboratory
. After this time, incremen-
tal pacing and programmed stimulation were repeated to
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ensure the absence of accessory AV pathway conduction
and noninducibility of supraventricular tachycardia . In pa-
tients with intact retrograde conduction over the AV node,
potentials recorded by the orthogonal coronary sinus cathe-
ter during ventricular pacing were also stored on videotape
for later analysis .
Vector methods . After completion of each electrophysio-
logic study, analysis of vector loops was performed as
follows. The electrograms and ECG signals were played
back from videotape and displayed on a Hewlett-Packard
54601A oscilloscope . Two-dimensional vector loops (corre-
sponding to the x axis and either the y or z axis) were also
displayed simultaneously . In addition, using custom-
designed hardware and software (N .M.K.), the clectrograms
and ECG signals of at least three consecutive beats of
interest were acquired to a Macintosh lIx computer (Apple
Computer) . The sampling frequency for data acquisition was
1 . Hz. The signals were digitized and stored as text files .
After acquisition of the data, vector loops were created
using custom-designed software (N .M.K.) . The methods for
creating two-dimensional vector loops have been previously
described in detail (15,20) . Briefly, a two-dimensional vector
loop was created by summing two orthogonal bipolar elec-
trograms (representing the x and y axes) . The direction of
the maximal vector of a given vector loop represented the
direction of local activation in cardiac tissue (15) . In the
current study, three orthogonal electrograms were recorded .
As a result, the corresponding vector loops were three-
dimensional . Each loop had three components, with one
corresponding to the long axis of the coronary sinus (x axis),
the second corresponding to the anteroposterior axis of the
coronary sinus (y axis) and the third corresponding to the
inferosuperior axis of the coronary sinus (z axis) (Fig . 2) . For
the purpose of analysis, the three-dimensional loop was
displayed as a three-dimensional plot using commercially
available software (DeltaGraph, De!taPoint Inc .) . For each
loop, the direction of the maximal vector in each of the three
dimensions was then determined by visual inspection . A
vector having an angle a 10° with respect to a given axis was
arbitrarily defined as isoelectric with respect to that axis.
Any angle >10* with respect to a given axis was defined as
indicating activation in either a rightward or leftward direc-
tion (if referring to the x axis), a superior or inferior direction
(if referring to the z axis) or an anterior or posterior direction
(if referring to the y axis) .
For each beat of interest, there were two and sometimes
three distinct deflections seen, with one corresponding to
atrial activation, one to ventricular activation and the third
(if present) to accessory pathway activation. Therefore, for
each beat, two and sometimes three different superimposed
vector loops were created . In this study, we chose to analyze
only "atria( loops" during retrograde atrial activation and
"accessory AV pathway loops" whenever presumed acces-
sory AV pathway potentials were present . These loops were
separated by manually choosing and plotting only the time
window corresponding to the electrogram of interest . There-
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fore, we were able to easily determine the directions of max-
imal atrial and, in some cases, accessory AV pathway activa-
tion. Because the presumed accessory AV pathway poten-
tials often merged with the local atrial or ventricular electro-
gram, it was sometimes difficult, k ;reate complete vector
loops for these potentials . In these situations, direction of
activation in the accessory AV pathway was determined by
the analysis of instantaneous vectors . Kadish et al . (16) have
previously shown that the direction of local activation at
different points in time is accurately reflected by the individ-
ual components of the vector loop (that is, the instantaneous
vectors that form the vector loop) . Using this method, we
were therefore able to analyze accessory AV pathway
activation at 1-ms intervals.
For each patient, vector loops were created and analyzed
DAMLE ET AL
. 687
ATRIAL ACTIVATION IN
SUPRAVENTRICULAR TACFYCARDIA
Y
X
Z
Figure 2. Electrograms and vector loops at a recording site at the
insertion of the accessory atrioventricular (AV) pathway . A, The
digitized bipolar electrograms corresponding to the x, y and z axes . B,
The corresponding three-dimensional atrial vector loop . C, The xy, xz
and yz loops are displayed . The arrow in each vector loop corre-
sponds to the maximal component of that loop . Activation is proceed-
ing in an inferior and posterior direction (negative with respect to the
z axis and positive with respect to the y axis) . Activation is isoelectric
with respect to the x axis . See text for details . A = atrial electrogram ;
AP = possible accessory AV pathway potential ; B = start of atria]
vector loop ; V = ventricular electrogram .
during ventricular pacing (provided that the retrograde se-
quence of activation was consistent with conduction over
the accessory AV pathway rather than the AV node) or AV
reciprocating tachycardia, or both . In in patients, vector
mapping was repeated after successful catheter ablation .
In the first 18 patients, recordings were made with the
catheter at a single position within the coronary sinus . In the
remaining 10 patients, vectors of atrial activation were
recorded at multiple sites within the coronary sinus . In all
patients, the findings were correlated with those obtained by
activation time mapping . The site of insertion of the acces-
sory AV pathway by the vector method was defined as the
site at which retrograde atrial activation was isoelectric with
respect to the x axis . The site of insertion of the accessory
AV pathway by activation time mapping methods was de-
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fined as the site at which local atrial or ventricular activation
was earliest or that at which a discrete electrogram consis-
tent with an AV pathway potential was recorded .
Vector loops were evaluated for all 28 patients in whom
recordings were obtained . During the initial analysis, it was
observed that in some patients there was marked variability
in the directions of the vector loops from beat to beat . The
variability corresponded with the patients' respiratory pat-
terns, suggesting that in these patients respiration resulted in
marked changes in catheter position . Therefore, in these
patients (8 of 28), no further data analysis was performed .
Only data from the remaining 20 patients are included in the
Results section .
Results
Elect rograms and vector loops were recorded from mul-
tiple sites along the coronary sinus . Figure 2 shows electro-
grams and vector loops recorded from the site of accessory
AV pathway insertion . Figure 3 shows a series of vector
loops recorded from a single patient at multiple sites along
the coronary sinus .
Figure 3. Vector loops at five sites in the coronary sinus
during a catheter pullback . Shown in this figure are photo-
graphs of the xz vector loops as displayed on an oscilloscope
at five different sites in the coronary sinus (from lateral to
medial) . The horizontal axis is the x axis, and the vertical axis
is the z axis . In each display, both the ventricular IV) and
atrial (A) vector loops are shown. As can be seen, atrial
activation with respect to the x axis is left to right at more
lateral sites A and b), right to left at more medial sites td and
e) and isoelectric at the site of the pathway (e).
jACCVol. 23 . No. 3
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In Figure 2, the electrograms and corresponding vector
loops are shown for a patient in whom recordings were
obtained at the insertion site of the accessory AV pathway .
Figure 2a displays the digitized bipolar electrograms for the
x, y and z axes . For the electrogram corresponding to the x
axis, the beginning of the atrial component of local activation
(corresponding to the "atrial vector loop") is indicated by a
dashed line. A possible accessory pathway potential is seen
in the x and y electrograms, although this was not rigorously
proved in this case with the use of pacing techniques as has
been previously described (15). Therefore, it was not in-
cluded in the analysis of accessory AV pathway potentials .
Plotted in Figure 2b is the three-dimensional vector corre-
sponding to these electrograms . To better appreciate the
activation directions along each of the three axes, the
three-dimensional vector loop shown in Figure 2b was
rotated to display three two-dimensional loops (the xy, xz
and yz loops). These are displayed in Figure 2c . In this
example, activation along the x axis is isoelectric ; that is,
there is neither a predominantly leftward nor a predomi-
nantly rightward component . This suggests that the acces-
sory pathway is located at the site of recording . Analysis of
JACC Vol . 23, No. 3
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the y aced z components of activation indicate that activation
is proceeding inferiorly (negative along the z axis) and
posteriorly (positive along the y axis) at the site of recording .
In Figure 3, analog two-dimensional vector loops for both
ventricular and aril activation (as seen on the oscilloscope
during videotape playback) are displayed at five different
sites in the coronary sinus during catheter pullback. In this
example, the xz vector loops are shown . As can be seen, the
direction of atrial activation with respect to the x axis
changes from leftwavul to Lightward as the catheter is pulled
back. At sites lateral to the pathway (Fig. 3, a and b),
activation is leftward. At sites medial to the pathway (Fig . 3,
d and e), activation is rightward . At the site of the pathway
(Fig. 3c), activation with respect to the x axis is isoelectric .
At 81 of 83 sites where recordings were obtained, atrial
activation direction along the long axis of the coronary sinus
corresponded with activation time mapping. These sites
were recorded from 13 patients in whom recordings were
analyzed with the catheter located at only a single site and 7
patients in whom recordings were analyzed at multiple sites .
These results indicate that vector mapping was highly refi-
able for localizing the atrial insertion of the accessory
pathway .
With respect to the y and z axes, there was variability in
teems of whether local atrial activation at the site of the
accessory pathway proceeded inferiorly or superiorly (with
respect to the z axis) or anteriorly or posteriorly (with
respect to the y axis) . With respect to the z axis, activation
proceeded superiorly in 62% (8 of 13 cases) . With respect to
the y axis, activation proceeded posteriorly in 62% (8 of 13
cases). These findings may reflect variability in the atrial
insertion of the accessory AV pathway with respect to the
mitral annulus and in the depth or angling of the pathway
within the AV groove fat pad . At recording sites not located
at the pathway, with respect to the z axis, activation
proceeded superiorly in 63% (40 of 64) and inferiorly in 30%
(19 of 64) . With respect to the y axis, activation proceeded
posteriorly in 55% (35 of 64) and anteriorly in 31% (20 of 64) .
One possible explanation for variability in the atrial
activation direction with respect to the inferosuperior axis is
variability in the relation of the coronary sinus with respect
to the AV groove . Activation direction would be expected to
proceed superiorly if the coronary sinus was displaced
ventricularly and inferiorly if the coronary sinus was dis-
placed atrialy . To assess for this possibility, the ratio of the
amplitudes of the atrial and ventricular components of the
z electrogram (A/V ratio) was calculated at each insertion
site. Sites at which activation proceeded superiorly were
compared with sites at which activation proceeded inferiorly
using an unpaired t test. At sites at which activation pro-
ceeded superiorly, the mean AN ratio was 1 .3 :t 0.3 ; at sites
at which activation proceeded inferiorly, the mean AN ratio
was 1 .2 ± 0.3 (p = 0.58 for the difference)
. These results
suggest that variability in coronary sinus anatomy does not
explain the observed variability in atrial activation direction .
In eight patients, accessory AV pathway potentials were
recorded by the orthogonal coronary sinus catheter . Among
the eight patients in whom accessory AV pathway potentials
were recorded, activation was seen to proceed in a
rightward
and superior direction in seven patients . This observation is
consistent with an oblique left to right (from ventricle to
atrium) orientation of accessory AV pathway fibers . In the
remaining patient, accessory AV pathway activation pro-
ceeded superiorly but in a right to left direction . This patient
had a posteroseptal accessory AV pathway . With respect to
the y axis, activation proceeded posteriorly in 38% (3 of 8)
and anteriorly in 50% (4 of 8) .
In 14 of the 20 patients studied, vector mapping was
repeated after ablation during ventricular pacing (with retro-
grade activation over the AV node) . In all 14 patients,
activation proceeded from right to left along the x axis of the
coronary sinus, consistent with retrograde activation over
the AV node . This included the four patients with postero-
septal accessory AV pathways .
Discussio
Major findings . One major finding of this study is that
vector mapping of atrial activation along the coronary sinus
can be used to localize accessory AV pathways . In this
study, the concordance between vector mapping and activa-
tion time mapping methods was very high . However, a
significant limitation of this method is that in some patients,
motion of the catheter induced by respiratory movements
results in marked beat to beat variability in the direction of
the vector loops . Although this technique was not prospec-
tively compared with activation time mapping, it has poten-
tial advantage in allowing for the rapid determination of
accessory pathway insertion because it does not require
precise measurements of activation times or recording of
accessory AV pathway potentials . A second major finding of
our study is that the direction of atrial activation in the
vertical (inferosuperior) and sagittal (anteroposterior) planes
is variable, suggesting that the insertion of accessory AV
pathways is variable with respect to the mitral annulus and
that pathway fibers may travel at different depths or may
angle within the AV groove fat pad . Finally, our findings
with respect to accessory AV pathway activation confirm
and extend previous work done on accessory AV pathway
fiber anatomy and orientation (13) .
Previous work . Previous investigators (1-8) have primar-
ily utilized activation time mapping methods and the record-
ing of accessory AV pathway potentials to localize acces-
sory AV pathways . As evidenced by recent high success
rates (>90%) for radiofrequency catheter ablation of acces-
sory AV pathways, these methods have been very useful for
localizing such pathways (1-5) .
However, there remain some
limitations of these methods for pathway localization
. This is
especially true among patients with multiple accessory AV
pathways, who represent 5% to 10% of patients with acces-
sory AV pathways . Teo et al
. (14) reported that among 29
patients with multiple pathways who underwent intraopera-
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tive mapping and ablation of accessory AV pathways, only
19 (66%) were accurately characterized during the preoper-
ative study
. These findings suggest that alternative localiza-
tion methods may be helpful in these patients .
Another limitation of current methods is that activation
time mapping and recording of accessory AV pathway
potentials provide limited insight into accessory AV path-
way anatomy . No information regarding the level of inser-
tion of accessor , AV pathways is obtained from these
methods. Jackman et al
. (13) have utilized the timing of
accessory AV pathway potentials at multiple closely spaced
sites to gain insight into the orientation of pathway fibers .
Using carefully obtained recordings at multiple sites along
the coronary sinus, they suggested that the majority of
left-sided and posteroseptal accessory AV pathways follow
an oblique course, with the atrial insertion located posterior
or medial to the ventricular insertion (13). However, this
technique does not allow insight into the level of insertion of
pathway fibers with respect to the mitral annulus er the
depth of pathway fibers within the AV groove fat pad .
Fisher and Swartz (21) reported on the use of "three-
dimensional electrogram mapping" to improve localization
of left-sided pathways . In their study, computer-generated
three-dimensional electrograms of retrograde atrial activa-
tion along the mitral annulus were created and pathways
were localized on the basis of the reversal of electrogram
polarity . This criterion for pathway localization was similar
to the criterion of change in atrial activation direction (with
respect to the long axis of the coronary sinus) that was used
in the current study . However, in the study by Fisher and
Swartz (21), electrograms were recorded utilizing a standard
large tip steerable electrode catheter rather than an orthog-
onal catheter. Therefore, atrial activation with respect to the
anteroposterior and inferosuperior axes could not be evalu-
ated and no statements could be made regarding accessory
pathway anatomy .
t study . In this study, we demonstrated that vector
mapping can be used to localize accessory AV pathways
with a degree of accuracy at least similar to that obtained
with activation time mapping . From simple analysis of the
direction of activation with respect to the long axis of the
coronary sinus, the location of the recording electrodes with
respect to the accessory AV pathway can be rapidly deter-
mined. Therefore, by recording at multiple sites within the
coronary sinus, the location of an accessory AV pathway
can be accurately determined . Although the data analysis in
this study was performed off-line . with use of a standard
oscilloscope, analog vector loops can be analyzed cn-line in
the electrophysiology laboratory . By using the criteria de-
scribed in this study, accessory AV pathways can be rapidly
localized without the need for multiple measurements of
activation times and for recording bypass tract potentials . In
addition, successful ablation in patients with intact retro-
grade node conduction via the atrioventricular node could be
confirmed by the finding of right to left activation at all
recording sites in the coronary sinus .
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A second finding of our study is that local atrial activation
direction at the site of the accessory AV pathway is variable
with respect to the inferosuperior and anteroposterior axes,
although activation was more likely to be superior and
posterior. There are several possible explanations for this
observation. Previous reports (22-25) based on the surgical
experience with treating accessory AV pathways have sug-
gested that the level of insertion of accessory AV pathways
with respect to the mitral annulus and the depth of pathways
within the AV groove fat pad is variable . For example, if the
pathway were to insert at the level of the annulus, atrial
activation would proceed superiorly, whereas if the pathway
were to insert above the annulus (and superiorly to the level
of the coronary sinus), then atrial activation as seen at the
level of the coronary sinus would proceed inferiorly
(Fig . 4A) . Similarly, a pathway deep within the fat pad would
result in a posterior direction of atrial activation, whereas a
pathway located more superficially or one that angled from
endocardium to epicardium as it traveled from ventricular to
atrial myocardium would result in an anterior direction of
activation (Fig. 4B). Another possible explanation for vari-
ability in atrial activation direction with respect to the
inferosuperior axis is that the level of the coronary sinus
with respect to the AV groove is variable. This is unlikely
given the finding that there was no relation between activa-
tion direction and the A/V ratio of the local bipolar electro-
gram. A lnal possible explanation for the variability ob-
served
is the presence of conduction block in atrial
myocardium . If areas of anatomic or functional block were
present . one would expect variability in the direction of local
activation independent of the location of the pathway with
respect to the recording site . However, this seems like an
unlikely explanation because none of the patients in this
study had atrial disease .
Finally, by analysis of accessory AV pathway potentials,
we were able to make observations regarding accessory AV
pathway anatomy. As previously suggested by the work of
Jackman et al. (13), we demonstrated that most left-sided
accessory AV pathways follow an oblique course, with the
atrial insertion located posteriorly or medial to the ventric-
ular insertion . The only exception to this anatomic orienta-
tion was a single patient with a posteroseptal accessory AV
pathway. The direction of activation with respect to the
anteroposterior axis was also variable . This finding suggests
that accessory AV pathways may also have an oblique
course with respect to depth within the AV groove fat pad .
Previous work on atrial endocardial activation with a
similar orthogonal catheter has been performed by Gersten-
feld et al . (26) . The catheter used in that study had differ-
ences in interelectrode spacing and surface area among the
electrode pairs . Specifically, the electrodes used for the
x axis were ring electrodes with an inter electrode distance of
3 mm, as opposed to the electrodes used for the y and z axes,
which had an interelectrode distance of 2 mm . In addition,
the surface area of the "x" electrodes differed from that of
the "y" and "z" electrodes . These differences may affect
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Figure 4. Variation in atrial insertion of pathway fibers and the
depth of pathway fibers within the atrioventricular (AV) groove fat
pad
. A shows a depiction of the mitral annulus with two accessory
pathways. The first pathway (labeled API) inserts near the annulus
.
It is expected that local activation as recorded in the coronary sinus
(CS) would be superior (arrow)
. The second pathway (labeled AP2)
inserts well above the annulus
. It is expected that local activation as
recorded in the coronary sinus would be inferior (arrow)
. B shows a
depiction of the mitral annulus with two accessory pathways
. The
first pathway (labeled API) travels deep within the AV fat pad
. It is
expected that local activation as recorded in the coronary sinus
would be posterior (arrow)
. The second pathway (labeled AP2)
travels superficially within the AV fat pad
. It is expected that local
activation as recorded in the coronary sinus would be anterior
(arrow). See text for details .
the amplitude of the recorded electrograms and therefore
skew the calculated vector directions . This potential limita-
tion was largely eliminated by a slightly different catheter
design used in the present study, which had equal interelec-
trode spacing and equal electrode surface area
.
Limitations .
The major limitation of our study is that
because of the presence of significant beat to beat variability
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related to motion artifact, the localization of accessory AV
pathways with vector mapping as described cannot be used
in all patients
. Therefore, using this technique alone for
pathway localization would be insufficient in -30% of pa-
tients
. In these patients, localization would have to be based
on standard activation time mapping methods
. A second
limitation is that we did not prospectively compare vector
mapping with standard activation time mapping methods for
pathway localization
. A final limitation is that we did not
extend our observation to right-sided pathways .
API Implications. Successful use of catheter-based tech-
niques for ablation of accessory AV pathways requires
accurate pathway localization
. Although clearly not neces-
sary in most cases, vector mapping can provide an alterna-
tive to standard activation time mapping methods for path-
way localization in selected cases
. In addition, information
regarding accessory AV pathway anatomy (that is, the
orientation of pathway fibers, the level of insertion with
respect to the annulus and the depth of pathway fibers within
the AV groove fat pad) may be useful in guiding the
approach to ablation that is chosen in a given patient . For
example, a pathway thought to insert high above the annulus
might best be ablated (when using an atrial approach) at a
site with an electrogram having a very large AN ratio rather
than at a site where the AN ratio is close to 1 . Formal testing
of these hypotheses will require the use of vector mapping
on-line in the electrophysiology laboratory in conjunction
with the diagnostic study and therapeutic intervention (i .e .,
catheter ablation) .
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